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Abstract 


For monitoring and control applications, a reliable data communication network is 
a prerequisite. Since data acquisition often involves areas which are geographically dis- 
persed or difficult to access, wireless networks are often preferred. The wireless networks, 
such as cellular system and VS AT, are widely being used for voice and data communi- 
cation services. However, there are many applications where the cost of such network 
systems is high, or the capacity and response requirements are not adequate. Therefore, 
there is a necessity to develop an appropriate and economical network for monitoring 
and control of geographically distributed objects. 

In the thesis, an attempt has been made to develop a low cost communication network 
for monitoring and control applications which exploits the capabilities of the existing 
radiopaging communication. The parameters needed to arrive at the design specifications 
of this network are assumed from both the available communication capacity and typical 
scenario of power distribution automation. Then, a network based on forward radiopaging 
and return walkie-talkie radio data link is propose . Since the radiopaging standard used 
(POCSAG) is for one way communication, it has been modified to suit the requirements 
of the network. The roll-call polling scheme with a suitable timing control technique is 
used in the network to gather the system information. Issues related to error-recovery 
are also considered. The proposed communication scheme has been implemented and 
tested over a communication interface for a PC specially developed for this purpose. 
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Chapter 1 


Introduction 


In many industiy applications and monitoring of geographically distributed objects, dis 
tubutcd data acquisition and conti ol is increasingly applied using new communication 
netwoiks techniques In industrial plants, the underlying network is usually a wired LAN 
suitable foi haish and leal time envuonments In the monitonng of geographically dis 
tubutcd objects, say using GIS, such as tiuck/taxi fleet monitonng, wneless networks 
such as cellular mobile telephony ot low speed data netwoiks via satellite (eg Qual 
comms OmmTRACS [Qual]) are being used Howevei, theie are many applications 
where the cost of such netwoik systems is high, oi the capacity and response requuc 
ments aie not adequate Fxamples of such applications aie powei distribution system, 
peli oleum industiy, food and agucultuie, watei iesouices etc In specific high volume np 
plication aieas such as distnbution automation, the development of an appropnate and 
ecconomical netwoik foi the monitoring of large number of geogi aphically distributed 
objects and then control is woitli considenng 

In this thesis, a value added wneless netwoik over existing paging 01 emerging reverse 
paging netwoik paiadigms suitable fot the monitonng and contiol of geographically dis 
tnbuted objects is piojiosed This network will be relTered to as Wireless Network for 
Distributed Monitoring and Control (WNDMG) The specific design considerations and 
implementation of the physical and MAC level schemes of this netwoik aie descnbed The 
pioposed MAC scheme has been nnjilemented and tested ovei a communication interface 
foi a PC specially di\ eloped for the puiposc Tlu paiameteis needed for ai living at 


1 



the design specifications of this netwoik aie assumed fiom both available communication 
capacity and a typical scenano of power distribution automation 

1 1 System Architecture of the WNDMC 

The pioposrd system aiehiteetuic issumes a set of gcogtaplncilly distubuted sites, each 
site with some equipments to be momtoied and conti oiled fiom a Master Station as 
shown m Figuie 11 A Remote Terminal Unit is placed at each site which acts as an 
intei face between the mastei station and the system equipments The master station and 
the RTUs aie equipped with suitable indio tiansmittei and lcceivei fox wireless comrau 
meition The mastei station may also be connected to othei LAN/WAN 



Figuie 1 1 System Architectuxe 

The telemcteicd infoimation tate fiom each RTU is assumed to be on an aveiagc 
few bytes pci second oi less The chinncl available is 12 5 KIIz as approved by wueles 
authorties of India foi such applications Within the band, an appioved signaling foima 
such as in paging is assumed 

In the case of powei distnbution system, the mastei station is assumed to be at 
manned 33/11KV substation and the RTUs aie placed at unmanned 11KV/400V trans 
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forrncis Tht 33/11KV substation may futhci be connected to a 6G/33KV substation 01 
to the powei gnd via appiopnate communication netwoik The RTUs collect the informa 
tion of curient, voltage, powei, tempeiatuie and othei pai mieteis foim the transfoimei 
The data tiansfei late fiom unattended tiansfoimei (RTUs) is assumed to be small - of 
the 01 dei of a few bytes pet second 01 less on an axciage fiom each unit to the mastei 
stition The distance of RTUs fiom mastei station may vaiy fiom a few hundred meters 
to 20 or 30 Kms The data late fiom the master station io RTUs is also assumed to 
be small - typically an occasional few bytes foi polling and commands, answeied by 
100 bytes oi so of lepoit to the mastei station [KiRe] Assuming a polling rate of once 
eveiy 5 minutes per RTU and a maximum of 50 RTUs per 33/UKV substation, the 
communication late can be easily accomodated m radiopaging bandwidth 

1 2 Wireless Technologies Suitable for WNDMC 

Presently, tlieie me many wneless communication techniques whieh can suit the lequne 
meats of diveise applications However, in most of the cases theie is a single technique 
which best suits the requirements of a system In this section, we piesent a brief de 
scuption of some existing wireless techniques which aie being used for data oi voice 
communication in many industries 

Cellular Communication 

Cellulai communication is one of the fastest gi owing technology which is being used for 
voice and data communication The concept of cellulai communication is the use of 
low powei tiansmitteis where fiequencies can be reused withm a geogiaphical area In 
this system, the aiea to be coveted is divided into small ‘cells’, each cell uses a fiequency 
band which is also used in othei cells not adjacent to this cell 

Tin analog techniques used in the cellulai system piovidt voice mcssxgc tiansmission 
and allow voice message to tiavcl thiough oibhci 30 kHz (AMPS in 800MIR band) oi 25 
kHz (ETACS m 800MIIz oi 900MII/ band) voice channels To exploit the capabilities of 
AMPS ccllul u infi istiuctuic, CDPD technique is dcvclopc d It is a connectionless sci vice 
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which uses ldlp time of voice cornmunic it ion and pi ovidc s seamlc ss d it a communication 
upto 19 2 Kbps [AMPS] 

The standards for digital techniques such as GSM (800MHz band) oi PDC (800MHz 
oi 1 5GII7 band) use CDMA 01 TDMA foi channel access and voice 01 data transmission 
The digital technology oilers some advantages over analog technology sush as ease of 
signalling, lower levels of interference, integration of transmission and switching, and 
mci eased ability to meet capacity demand [GSM, John] 

The cellulai communication system (analog 01 digital) is suitable if both data and 
voice communication aie lequned In the cellular system, base station and tiansceivei 
units aie complex and expensive too Since the cost of a monitoring and control system is 
dnectly piopoitional to the cost of an RTU, the cellulai system becomes very expensive 
for most of the applications with low data late lequncmcnt 

Radio Trunking 

Radio tiunkmg is one of the oldest technique of communication which is widely being 
used by tianspott fleet opeiatois, police, couiici piovidcis etc foi data and voice com 
munication It is a populai and successful methods of achieving the spectral efficiency 
Instead of having a single ladio accessing a single channel, tiunkmg allows that same 
radio to seaich foi one cleai channel out of many possible channels Tiunkmg, theiefoie, 
lefcis to the automatic seaich foi a cleai (idle) channel among two or moie possible 
channels Most of the flunked systems are in the 800 900 MIIz band (APCO 16), some 
othei systems use highei frequency bands [Trunk] foi data tiansmission 

The ladio tiunkmg is cheapei than the cellular communication and m the context of 
WNDMC, it has the potential of meeting the lequnements of the system provided some 
value addition m the form of data transaction capability ovei select channels is developed 
ovei the existing mfiastiuctuie Ilowevei it requires a number of channels for dynamic 
channel allocation Foi the applications wheic a single channel is sufficient to seive the 
needs of disti ibuted objects and the length of dita pei session is also small, othei options 
must be consulcted 
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Radiopagirig 

The ladiopaging technology is cheapei than othci mobile communication technologies 
Like the cellulai communication, the area to be coveied by ladiopaging seivice is divided 
into small nils 01 ladiopaging zones Initially it was developed foi tone-only 01 short 
alphanumenc messages and wis a one way seivice such as POCSAG standaid [CCIR] 
New standaids also piovide a two way communication Besides providing message ser 
vice, it is expected that it can be used foi industiy applications such as building and 
plant automation etc 

Since the focus is m those applications wheie the system requites a low data late links 
between lemote locations and a cential location, the ladiopaging (CCIR Radiopagmg 
Code No 1 ) communication has been selected fox the distributed data acquisition and 
contiol of lemote objects It has many featuies which make it suitable for low data late 
wneless link applications Some featuies of pagei leceiver and ladiopaging are as follows 

• Powerful foiwaid erroi correction capability embedded in paging technology 

• Data tiansmission rate of 512bps, 1024bps, 2400bps and 3200bps Some pagei s 
also suppoit data late of 6400bps 

• Suitable foi UIIF/VIIF lange and bandwidth requirement is only 12 5I<IIz oi 
25KIIz 

• Depending upon the transmittei power, the coveiage aiea may be several tens of 
kilometers 

• Commeicially available and, lower cost and complexity than radio ti unking or 
cellular communication 

• Appioved by international gioups such as RCSG and POCSAG, and by CCIR 

• A widely accepted stand rid 

Hence, a pagu lcceivoi unit is placed at each RTU to receive data from the master 
station The pagei units presently available in India do not suppoit two way commum 
cation Plence a means foi leverse communication should also be piovided at each RTU 
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Tlx b(st option to piovxh tin nuisi (oimnuuK it ion is to us< tlx (ointnon WT i who 
link with diU modems The walkx tilkic tiunsmittus aic ivailablc at low cost and aic 
suitable foi tlx application Decoding of icccivcd d it i it (lie mastei station fiom the 
RTUs can be pcifotmed in haidwaic oi softwaie 

1 3 Organization of the Thesis 

The lest of the thesis is organized as follows In Chaptei 2, we piesent a communication 
netwoik and communication scheme foi the WNDMC Wc discuss vauous communication 
lelated issues such as stiucture of mastei station and RTUs, modified loll call polling for 
channel access contiol, enoi handling piocedure to ensuie leliable data deliveiy etc In 
Chaptei 3, we piopose a communication piotocol which proviatos two way communication 
between the mastei station and the RTUs The piotocol is based on POCSAG standard 
and we have modified it to suit the network requirements We also discuss the code 
capacity of the designed piotocol in the same chaptei In Chaptei 4, we piesent the 
details of hardwaie (senal synchionous interface card) and softwaie implementation 
Chaptei 5 concludes the thesis and gives duection foi the futuie extension of our work 
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Chapter 2 


Network Architecture of WNDMC 


In this chaptei, we piopose a netwoik foi the system discussed m section 1 2 The 
network is based on foiwaid ladiopagmg and return wallue talkie ladio link Then we 
discuss a scheme foi wireless communication between the mastei station and the RTUs of 
WNDMC We discuss various communication lelated issues such as Channel (medium) 
Access Control , enoi handling procedure, group calling procedure etc In section 2 1, 
we present a brief introduction of a monitoring and control system Design issues of the 
communication netwoik are consideted m section 2 2 Then in section 2 3, we piesent a 
communication network which meets the i equipments of the WNDMC Finally m section 
2 4, we discuss a scheme for communication 

2 1 Introduction 

A typical rnonitonng and contiol system piovides system momloiing, system contiol and 
system manrgemont functions It piovicles real time momtonng of the utility system 
status Timely data mcieases system reliability and efficiency, and decreases the seivice 
time and loss due to abnormalities of the system Accuracy of the reported data and the 
meaning of real time diflers fiom one system to anothei Gcneially, data sampling time 
varies from some milliseconds to some minutes and accutacy vanes upto ten peicent ol 
actual data [Sca91] 

The data telated to opeinting paiameteis of the remote equipments is collected at a 
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ccntial location The galhncd dat i is pioccssed uid lcccivcd mfoimilion (oi signals) is 
displayed foi (house of lopcidoi The opeiifoi uses (lus infoim ihon (o in ike cli mges 
(telecommand) in the opeiating status of the sjstem and if neccessaiy sends peisonnal 
to concct pioblems ot adjust system opci itmg paiamefeis A lecoid of the infoimation 
iecei\ed fiom the RTUs is also maintained which is important foi lcsomce management 

1 elated functions 

2 2 Network Design Issues 

In the mdusLiy applications theic ate \anous sites/equipments at diffcient locations to 
be momtoied and contiol The distince of the sites fiom the roastei station is assumed 
to be fiom a few hundted rnefets (o some fens of Ivms Since the RTUs collect data 
fiom difFeienf types of equipments, length of data from cbffeient RTUs may be same or 
diffeient It may be lequnecl to get infoimation of some RTUs (sites) more frequently 
than the otheis The communication lequnemenf is that the mastei station must be able 
to send/receive data ovei a wueless channel to/fiom the RTUs in a desned way 

The othei important issues consideied to design a MAC level scheme foi the poipose 
aie as follows 

• The wueless nefwoik should fall info one of the commercial standaid and wireless 
authonties appioved wueless setvices, well supported by the market in terms of 
availability, diveise supply souices and acceptable cost 

• Since the frequency allocation is a subject of debate the technology should be 
capable of woikmg anywheie fiom the frequency band of 100 MHz upwards to 
aile jest one GIIz, without substuilial changes intern il to li uismittu and lccuvei 
oi modal xtion methods 

• The scheme must piovidc an tiioi fuc and tellable eoinmumc ition between the 
mastei station and the RTUs If anj RTU malfunctions, the mastei station must 
be able to identify the RTU and to detecl/conect the pioblom 
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• The wneless network should be able to provide an acceptable data rates for for 
war d/t ever se communication 

« Timesharing should be used fot sending mfoimation from the master station to 
the RTUs as only one channel (broadcast) is available foi forwaid communication 
Similarly there is only one channel foi reverse communication fiom the RTUs to 
the mastei station Although, each RTU uses the same channel but it might not 
be able to listen the tiansmission fiom all othei RTUs The scheme must provide 
a way so that each RTU gets its turn to sent data to the mastei station 

• The mastei station must be able to addiess any RTU at any time to send the conti ol 
mfoimation This control information may be based upon the feedback obtained 
fiom (lie RTUs or may be an independent decision of the opeiator 

• The master station must be able to access data fiom any RTU at any time This 
may be required after sending contiol mfoimation to the RTUs 01 when some 
abnounnlity is being contiolkd 01 may Ik opeialois decision or foi monitonng 
pm pose 

• If the same information is to be send to a gioup of RTUs then it would be a wastage 
of bandwidth/time to lepeat the same information for each RTU A group/global 
address should be piovided foi common information transmission 

2 3 Network Architecture 

The pioposcd nctwoik consists of a mastei station and many RTUs at remote locations 
as shown in Figuie 1 1 Since the netwoik is wireless, the master station broadcasts the 
information foi the RTUs All the RTUs listen to the transmission, but only those which 
aie addressed leceive the information On the othei side, tiansmission fiom the RTUs 
is leceived only by the master station The communication 1 elated lequnements of the 
master station and RTUs aie as follows 
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Remote Terminal Unit 


The main components of an RTU aie a communication conti ollei a processor an intei 
face to switches, mctcis, tiansducets othei analog and digital devices and, tiansmittei 
and lcceivei units It acts as an intei face between the mastei station and the system 
equipments It collects data fiom the system equipments and cauies out some processing 
to put the dda m x fonnil suit able foi ii insrnission Tin d at i is (i uismitted when the 
RTU is polled by the mastet station The RTU also receives commands fiom the mastei 
station to contiol the system paiamelois The RTUs cm also take independent decisions 
in emeigency 

To suit the iequnement of the contiol and momtoiing netwoik, the ladiopaging net 
woik may use 12 5KHz bandwidth foi foiward communication (master station to RTUs) 
in the VHF 01 UIIF spectium The letum netwoik of all embedded WT radios (tians 
mitt 01 only) cm slmc one J2 5K.II/ bmdwidlh in the smu band In enough to meet 
isolition requirements Based on the model of a foi wild paging netwoik and letum 
ladio data link, the block diagiam of a typical RTU with wneless communication takes 
shape as shown in Figuie 2 1 



Figure 2 1 Architecture of RTU 


Master Station 

The master station consists of a communication controller, contiol panel and transmittei 
and leceivei units It gatheis data fiom the RTUs using an appropriate polling schedule 
as discussed m section 2 4 2, camcs out piocessing to extiacts information of the system 
paiameteis and displays Jhe information on a GUI (or uses LEDs, alatm etc ) foi use of 
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the opeiatoi On detecting abnormalities, it may send conti ol mfoimalion to the RTUs 

if it is piogtnmmed If also implements the opeiators decision and maintains a record 
of data the fiom each RTU 

The mast ci station has i paging b ise satation foi the foiwaid link (o send commands 
to the RTUs and a ladio leceivei foi the letuin ladio data channel The tiansmit- 
tei/ieceivei channels aie contiolled by a single communication contiollei On one side, 
the communication conti oiler communicates with radio receivei and pagei transmitter 
and on the othei side, it communicates with the master station over a LAN or serial link 
The aichitectuie of the mastci station is shown in Figure 2 2 



Figuie 2 2 Aichitectuie of Master Station 


2 4 Strategy for Communication 

2 4 1 Radio Paging Standard 

Radiopaging is the most suitable technology foi WNDMC as discussed in section 1 2 
Seveial standaids such as POCSAG, CRMES and FLEX are being used woild wide 
foi radiopaging The pioposed scheme is based on CCIR Radiopaging code No 1, also 
known as POCSAG standard, which is given in Appendix A [CGIR] The transmission 
pattern and codewoid structrue used in the POCSAG communication is shown Figure 2 3 
To increase effective data tiansmission late, without making substantial changes in the 
Kuivu hrulwiM, we piopose (he following modified ions in the (i msmission pattern, 


11 







Pteamblc 


B itch 1 — 


Batch Sequence 



EP Even p inty 
FO F7 8 Fumes 




— Tnfnt rmf inn tmi^ 

— rfgfil l' hon 1r tew. 


— 

FB 

IUJ.U1111 ILlUiL m ** 1 

*4 Bits 

Bits ^ 

EP 


Finite 2 3 POCSAG Codewoid Stiuctuic 


• Length of the preamble can be teduced ftom 576 bits to 64 bits In the pager, the 
leceivei powei is turned off for about 1 second whenever it detects no transmission 
In this time it can miss 512 bits at a rate of 512bps Moreover when it turns on, it 
can miss some initial bits Hence, 64 bit pieamble is enough foi the application as 
leecivci doesn’t turn off when no tiansmission is detected 

• The flaming in the batches can be avoided because it is used to increase the number 
of acldi esses available and foi battery saving 

• Addiess of any RTU can be tiansrmtted in any codewoid place because pagei powei 
is not turned off dunng ‘no tiansmission’ time oi duung lcccption 

• In ladiopagmg application, leenvci ceases decoding when two consecutive code 
wouls nio indeciphciablc but m this application dccodci will cease decoding if any 
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codewoid is indecipheiable Hence, it is not neccessaiy to put an idle 01 addiess 
codewoid between end of one command’ and addiess of second leceivci 

2 4 2 Channel Access Control 

Thcie is one btoadcast (wneless) channel fot foiwaid communicition and only one tians 
mittei at the mastei station, hence the channel can be used by the master station in any 
dobiied way to send commands to the RTUs On the othei side, theie aie many RTUs 
shaung a common channel fot leveise communication A way foi accessing channel must 
be piouded so that each RTU gets its turn to send information to the master station 

Seveial multiple access and line conti ol technique aie being used m various networks 
[Gal] Due to the network lequnement and teeeivei haidwaic, (he mutiple access tech 
rnques FDMA and TDMA ue not suitable Among the line conti ol techniques populai 
ones aie, 

1 Contention 

2 Token passing 

3 Polling 

Token passing does not suit to the netwoik as the RTUs do not listen to each othei 
Contention, on the other side, may prevent successful data acquisition in some cntical 
condition as it is the mastei station which detects the collision and not the RTUs The 
loll call polling has many featuies which make it suitable foi the network It (Figure 2 4) 
is essentially based upon the mastei slave relationship of netwoik nodes, one mastei and 
all othei nodes its slaves The musLu sequenlully polls (ho slaves to elcloiminc if they 
aie icaely to (innsmit/tcccyc mfoi niation to/fioin the mistei The mastei has a poll list 
(hit e m lie in inipul x(( d to com ( l ol polling pnoiily ami timing Hule-s of this scheme 
govern (he dialogue, also known is Handshaking, between the mastei and the slaves, 
which pioceeds similai to the following If the mastei wants to send data to a station 
C, it sends a poll to C asking if C is ready to lecieve C responds with an ACIC if leady, 
allowing the mastei to send data, othei wise with a NACIC A similai dialogue takes place 
when mastei needs information fiom a station [Meye, Schw] 
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Figute 2 4 Roll call Polling 

In the netwoik, the inaslei station is assumed to be a mastei and all the RTUs 
its slave Polling scheme is same as desenbed above with i dilTcience that tlieie is no 
handshaking The control station has complete conliols ovei the tiansmisssion channels 
It sends commands to the RTUs and polls them Whenevei an RTU is polled, it has to 
send the infol motion lequiied by the mastei station Thus, the same leveise channel is 
used by all the RTUs on time shanng basis conti oiled by the mastei station 

The mastei station polls the RTUs at a lagular inteival to access the opeiating 
paiameteis of the equipments connected to the RTU Depending upon the task performed 
by the equipments connected to the RTUs, the mastei station needs data from some the 
RTUs moie fiequently than the otheis Hence, the polling inteival is different foi different 
RTUs In polling, this is piovided by providing lesser polling interval to some RTUs ovei 
the othei The RTUs which have equal polling inteival and aie connected to the same 
type of equipments ate grouped fog itlu i ind the mastei sf ifion polls them affci a lcgulai 

inteival 

2 4 3 Tuning Control 

The polling scheme is genu illy used in those netwoiks wheie thue is only one channel 
foi leverse and foiwaid communication The master polls one slave and waits for the 
lesponse, affei lecciving data from the slave it polls otheis Obviously, ff Fheie aie two 
scpeiatc channels foi each duecfion then this scheme is m< fRocnt utilization of both 
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cli inncls 


1 01 In (it i c h mnt 1 utili/ ition msU ul of ono si n o i gioup of si ives is polled While 
these slivts send el it i to the master, the mister sends commands on the other channel 
1 hus the mister eontmnes to send el it i on the forward channel while it is receiving 
el il i on the. reveiso channel from the RTUs This modified roll call polling reclames two 
c\ti i 1c it rues to be provided One, the mister station must know the length of dati 
ti msmiltcd bj i R1U md second, the RTUs must leccive piopci timing information 
fiom the mistci station to send data at an appropriate time 

Licli m U Ins a lived numbei of devices and the state of each device is represented 
by \ lived numlni of bit s/1 iy t os l he mister station is piovidcd with the inform ation ol 
the numbei anel t>pes ol (he dentes tonne tied to each RTU It may be lcciuiictl to leld 
oi icmou some devices fiom the RJ?U but whenevei any change is made, this is informed 
to the mister station All this enables the master station to find out the total numbei 
of bytes needed by Lh at RTU to send the local information 

The mast ei station may also inform the RTUs to send urgent information, detailed 
inform ition ete as discussed in section 3 3 1 In each case, the RTU knows which 
mloi ination is to lac transmitted and how many bytes it should transmit However, in 
some cases, it may not be possible to provide the master station with the information of 
data length Irom the RlUs In such cases, the master station assumes that the RTU will 
tiansmit the maximum number of bytes say 115 bytes Hence, when the master station 
polls ono oi more RTUs it knows when a particular RTU starts and (possibly) stops the 
tr nnsmission 

The RTUs aic located at different distance from the master station Depending 
upon the distance fiom the mnstei station, the RTUs icceive data at different time and 
accordingly they start transmission As shown m Figure 2 5, data from the two RTUs 
may ovcilap if one RTU stops transmission at a time T 2 and anothci starts transmission 
at the same time The overlapping period will be double if forwaid transmission time is 
also considered The following scheme can be used to avoid the data overlapping 

Dunng the mitinlwation phase, the master station finds the round trip delay for each 
RTU Suppose, the maximum lound tup delay is t If tf is the round trip delay for an 
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Figute 2 5 Data Overlapping 

RTU, the master station sends a minibci equilent to (t - U) time to that RTU Now, 
whenever this RTU has to send data at time T, it stait tiansmission at time (T + t- V) 
Thus the mastei station leceives a continuous data stream from the polled RTUs m 
piopei time synchronization as if it is commmg from a single RTU This scheme iequne& 
complex lraidwaie and advanced synchronization techniques at the master station and 
RTUs It makes the implementation part moie difficult and also doesn’t lead to a cost 
effective solution At the same time, tiansmission format (bitch stiucturc) cm not be 
maintained as more than one RTUs are involved in the transmission A better approach 
would be (o poll tin RTUs in mcieasing oidei of then lound trip delay Ilowevei, it 
doesn’t eliminate the need of estimitmg the lound l up dcliy and at the same time, data 
on the level se channel in not synclnonous The following scheme is a better solution foi 

timing conti ol 

A guard time is provided between tiansmissions from any two RTUs (Figure 2 5) If 
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one RTU ends tiansmission at time T 2 then the masfci slation mfonns to the next RTU 
to stait tiansmission at time T 2 + t, where t is the guaid time Whenever the master 
station polls an RTU, it finds the numbet of codewoids to be tiansmittcd by other RTUs 
which aie polled befoie this RTU and the guaid time foi all those RTUs If n RTUs 
aie polled befoie a paiticulai RTU then the numbei n along with N, representing total 
numbei of codewoids to be transmitted by other RTUs, is send to that RTU In this way, 
the RTU leceives the timing information and staits tiansmission after T w time where 

T w = ( n * guard time + N * word transmission time ) 

2 4 4 Error Handling Procedure 

The pagei rcccivci a( 1 h c RTU is able io cort eel double cnois in a packet of 32 bits 
Due to mndom natme of channel noise and ambient conditions, moie than two enors 
may occui in a packet and the leceiver may not be able to collect eirois Hence, to 
ensuie tellable data dchveiy, the mastei station lequires an acknowledgement from the 
RTUs foi each control command transmitted Sometimes, howevei, the mastei station 
may not decode data fiom the RTU oi an RTU may not detect its address, hence it will 
not respond to the contiol command In such cases, the mastei station may letransmit 
the control command IIowcvci, this is an unneeded ti insmission if the RTU has alieady 
leceived the command An acknowledgement command, which does not cany the control 
command but mfoims the RTU to send acknowledgement for the pieviously received 

contiol command, does not solve this problem 

To oveicome the problem, a numbering scheme can be used such that whenevei a com 
mind is transmitted to an RTU it also cames command number which is mciementcd 
by 1 (mod N) foi each nc w command to tli xt RTU The ti insmission of the command 
number with each command can be avoided if the RTUs and the mastei station agiee 
on some initial commind couni If belli igtcc on mitiil count /<io than both meieise 
the count by one foi eieh commind ti msmittcd/icccivcd Whenevei the mastei sta- 
tion needs an acknowledgement, it sends the control command number (CCN) for which 
acknowledgement is lequued 
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As described in Ghapler 3 CCN is sent with each contiol command With this 
command a timeword is also transmitted which cames the CCN, timing information as 
well as some othei mfotmation 

An other problem arises if any RTU is unable to tiansrmt/rccicve data to/from the 
mastei station In this case, the mastci station docs not get any acknowledgement 01 any 
lesponsr ftoin the RTU Actu illy, if the master station doesn’t got any response fiom the 
RTU, it retransmits the information and continues to retransmit until it gets a response 

01 a maximum count of retransmissions is leached If it gets a response, it continues with 
othei tasks and if the maximum eount is leached, it sends a signal to the opeiatoi who 
takes appropriate action 

2 4 5 Group Calling 

Although the POGSAG standaid piovides four diffeient addresses to each pager receiver 
but it doesn’t piovide a common address foi a group The addresses of one receivei 
aie always diffident from the addresses of other receivers Hence, two oi more leceiveis 
never icccivc same drta To send a common information to a gioup of RTUs then 
addresses swprerTtrudly are transmitted sequencially Then the information is transmitted 
so that each leceivei of the gioup receives it In this case, each receiver should know 
that inform it ion foi a gioup is being transmitted otherwise it will stop decoding upon 
detecting a second address Hence, to send information to a group, addiess of one RTU 
followed by a timeword is transmitted for each RTU The address informs the RTU that 
a command foi a gioup is being transmitted and the timeword cames the information of 
the time of 1 st command codewotd as well as command number 


2 5 Discussion 

In this chapter , we discussed the issues related to the nctwoik design and commum 
car on scheme Since in the network, the RTUs are placed at fixed locations, the power 
transmission requirement of the RTUs can be reduced by using directional antennas It 
may also reduce the preamble length needed fiom the RTUs Howevei, actual minimum 
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pit noble length c m be dttcnmiud only by field experiments 

In (lit clnptci we discussed only (host loquuomcnt which no necessary foi two wry 
ic liable conimninc 1I1011 The efficiency and rehabihly for the network can furthei be 
lmpioscd at the cost of increased cost and complexity Foi reliable communication, one 
of the bisic technique was used It seems that sending command number with eacli 
(omm md will (onsunit some biiulwidlh but is we will sec m next chapter, it is sent 
with tlu inning wfounatwn m a single codeword The Inning information is sent in such 
\ way that only single clock geneiatoi is sufficient to fulfill the needs of transmitter and 
t he down conn! ei which is lo uled with m ippioprmte numbci oquilcnt to T w tune This 
method dso muds tin need of i k d (um clock ind provides bettei time synclnom/ Uion 
is ( hi I mu is h hi i\c 

It is obvious li om the close nption Lint the lecpmcmcnts cost, complexity etc of 
Hu pioposccl in twoik uul cominunieilion scheme foi WNDMC nc fir less that the 
i c qua emails of a ccllulu oi other nctwoiks loi the same 
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Chapter 3 


Communication Protocol Design 


In tins ch lpLu \u pioposc i communication piolocol based on the techniques discussed 
m the clnpta 2 for communication between the master station and the RTUs Since 
the Li edition il 1 xdiop aging is foi one ly communication, we propose some modificn 
tions m the POCSAG foimat to suit the requirements of WNDMC Without altering 
the genu il tiansimssion pattern and codeword structure used in POCSAG, we redefine 
the cock woids md then significance We desenbe the data transmission patterns fiom 
the m istcr station md the RTUs Some common errors that are expected to occui in 
communication and piocedures to overcome these errors are also described Then we 
c ilcul ite vppxim ite capacity of the close ubecl piolocol under some assumptions 

3 1 Flit io due Lion 

Bcfoic transmitting dat i fiom the mastei station oi RTUs, some operation aie perfoimed 
on the data to put it into a defined foimat As shown m Figure 3 1, information fiom 
the dat x souice passes thiough chffeicnt blocks before final transmission The mfonna 
tion to bo transmitted fiom the data souice is passed to the codeword generatoi The 
codewoid geneiator devides the data into blocks of 20 bits and pads 0’s if necessary In 
cxcli block, it ulds some bits, a 11 xg bit to indicate that this is a data codeword’ and 11 
check bits for crroi control, and make a 32 bit codeword The frame generator (a batch 
m the POCSAG will be referred to as a frame ) takes the codewords and puts them into a 
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batch 01 fiame of 17 codewotds as defined later in the chapter It also puts an addicss(s) 
codewoid and synclnonous woids at appropriate places m the frames The address code 
woidb' uc ilso bcmi lied in the suite wiy as (lie dita codewotds except that the flag 
bit indicates (hat it is an addiess codewoid The transmitter starts transmission with a 
preamble ind then transmits the fiarnes leceived fiom the fiame generator In the next 
section, wc ck&cubo the structures of (he codewotds, fiames and transmission pattern etc 



Figuie 3 1 Data Sequence Geneiator 


3 2 Code and Format 

3 2 1 Codeword Generation 

The coding technique used for codewoid geneiation is BCI1 and the code used is (31 21) 
BCII cock w.11. uldul even pu.ly b.l Time, carl, cockwo.rl conlams 32 bits, 21 into. 
mtJl , on bib and 11 check bits The informations b.l eilhu conlam a 20 b.l add.eu m 20 

bits of data 

The generator polynomial for this doable er.o. co.rect.ng code .a, 

fl ( T ) = + x 9 + a 8 + 1 6 + t 5 + t 3 + 1 
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Suppose m(x) icpioscnts the 21 inhumation bits, then it is i polynomial or device 20 
The following division gives 10 chock bits foi the codewoid, 

c ( z ) = m i x ) a ' 1 °/<?(^) (modulo2 diM&ion) (3 1) 

uk1 U0 = j 10 | c(i) (3 2) 

wheie t(x) is 31 bit codewoid One extra bit is added to this block of 31 bits to give 
oveiall even panty Thus the code becomes (31 21 BCII + 1 even panty) a block of 32 
bits 

The II tmmmg distance of this code is 6 Hence it can correct any 2 landom bit 
etiois and can detect any 5 random bit enors A detailed descnption of decoding and 
encoding pioccduics of the BCII codes codes is given in [Blah] 

3 2 2 Types of Codeword 

Each codewoid contains 32 bits and is transmitted with the most significant bit first 
Diffeient types of codewoids aie as follows 

a Address codeword 

General stiuctuie of a 32 bit address codeword and data codeword is shown in Fig 
uic 3 2 

Bit 1 is flag bit used to indicate addi ess/data codewoid This bit is 1 foi data 
codewoid and 0 foi addiess codewoid Next 18 bits (2 19)aie address bits used to identify 
a paiticuln leccivu Next 2 bits (20 21) aie function bits These bits piovid foui 
lddicsscs to c ich lcccivei Bits 22 31 aie check bits They provide overall 2 bit euoi 
collection c ip ability to cich codewoid List bit is ovci ill even panty bit 

The 2 function bits piovide foui addi esses to each leceivei All four addi esses can be 
used either by the mastei station oi by the RTUs These adchesscs arc difined as follows 

• Individual address (Ind_Add) The function bits for Ind-Add address aie 00 
This addi esses is used by the master station to send conti ol commands to a single 
RTU and by the RTU to inquest foi icti msmission 
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Figure 3 2 Codewoid Stiucturc 

• Gioup idthcsfe (Gip_Add) Liu luncl ion bits loi Gip_Add iddrcss arc 01 ihis 
is used by (lie nnslu s( 1(1011 (o send rontuol cotnmmds to 1 group of RlUs Hid 
by (he RTU to icqucst foi group command retransmission 

• Acknowledgement addiess (Ack Add) Flic function bits uc 10 for Ack.Add 
Whenever master station wants an icknov ledgement for the previous transmission, 
it sc lids this addicss An Ack_Add fiom the RTU implies sucessful reception of thE 
command 

• Poll address (Pol_Add) J Ik fund 1011 bits uc 11 foi Pol_Add This codcwoid 
is used by mister station to poll the RTUs and by the RTUs to send system 
111I01 111 hum 

b Data codewoid 

Ihc stiucluu of a data codeword is similar to that of an address codeword as shown 
m Figuie 3 2 In this case, 20 bits (2 21) aic information bits and the flag bit is always 1 
The length of commands may be more than a frame but the general frame structure is not 
ultcied The commands may embrace more than one frame maintaining the synchronous 
woicl at hist codewoid place 
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c Otliei codewords 

V tniuwoid is 1 dtila <0(1 tumid II is use cl lot uiy l lie timing niloim ition, rnKessage 
muubc ltd t-lio RTUs TL lie goner il stiuctuic of this codeword is shown in Figure 3 3 
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figure 3 3 Timeword Stiucture 


Bit 1 of the tumwoid is ilways 1 indicating that it is a data codeword Bit 2 (-1) 
indie lies command termination and is 0 othenvise Bits 3 6 are used eithei to indicate 
l lu type of polling is defined liter oi as follows Bit 3 is countei indentifier bit and bits 
1 5 c my comm md iiumbci of the uuient comm ind Bits 6 10 die for the calcucation of 
guild tune dc 1 ly md bits 11 21 uc foi the cilculation of codcwoid tiansmission time 
An idle word is li msnulKd win n (lutt is no (onmntul to 1i uisuut oi tomckatc tnd 
ol comm md Bit contents ol ulltwoid uc given below 
01111010100010011100000110010111 

A synchronization woid is smao as defined m POCSAG Its fiist 31 bits aie a PUBS 
wlmii < in be true, tied Horn . five shy feed bid shift .oyster It is a valid reldress 
outside the requued iangc The bit sequence for the word is, 
01111100110100100001010111011000 
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3 2 3 Frame Structure 


The codew oids aie stiuctuicd into flames which comprise a synchronisation codeword 
followed by 16 codcwoids The fumes aie transmitted aftei the preamble Fust code 
woid of tlu frames is always a synchronisation woid and the rest 16 are address codewords 
oi data codewords Address of any lcceivci can be transmitted in any frame and in any 
codeword 
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Figuie 3 4 Genual Transmission Pattern 


A genual transmission pattern shown in Figure 3 4 The transmission always starts 
with a pteimble to synchronize the leceivei which is followed by a fiame sequence The 
minimum length of preamble in POCSAG standard is defined to be 512 bits at a rate of 
512 bps Foi the leasons alicady defined in section 2 4 1, the length of preamble for the 
application hxs been l educed to 64 bits 


3 3 Foiward Communication 

As discussed in section 2 4 2, the mastei station has complete control over the foiward 
and leva sc tiansm.ss.on channels It establishes sessions with the RTUs to poll them or 
to send control infou, lotion It also implements the decisions of the opcator Different 
communication , elated funolions po, formed b, master station can be c. **«! is follows, 


• Actions initiated by the opeiator 

• Real tunc polling and conti ol 
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a Ei 101 h inching 

In this section, we focus on the fiist two function The euor handling procedure is 
discussed life 1 dcsuibmg the tc vusc communication 

3 3 1 Actions initiated by the operator 

The opci xtoi polls the RTUs, sends contiol commands to a single RTU oi to a group 
of RTUs and infoims the RTUs to send an acknowledgement foi the previously tians- 
mitted ooi um ends The mastei station leceives the commands fiom the operatoi and 
csfablishes sessions with the RTUs Foi each session a paiticulai set of events occurs 
The m istei stition staits tiansnussion with the preamble (if it is m idle state) which is 
(ollowi el b> (he fiame sequence Each hamc consists of a synchiomzation word (SW) and 
daU/iddiess e ode woids The frame structure and the possition of SW m the frames 
i ilw eys m un( uiud 1 lit (i uisimssion p UP ins lot dilleunl sessions uc us follows 
(lcsponse fiom the RTUs is described m next section) 

1 Command Words to RTUs 

The opeiatoi sends commonds to the RTUs to contiol the system paiameteis He 
also needs acknowledgement fiom the RTU foi the commands transmitted In this case, 
an Ind_Add and a timewoid followed by the data codewoids are transmitted The bit 
contents of the timewoid aie as follows, 2nd bit is 0, 3rd bit is 1, bits 4-5 carry the 
command number and bits 6 21 cany timing information The command termination is 
indicated by the idlcwoid Aftci the ldlewoid, aelehess of any RTU may be transmitted 
A typical tiansmission pattern is shown in Figuic 3 5, 
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Figure 3 5 Tiansmission Pattern 1 
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2 Command words to a group of RTUs 

One Kldic ss c in not be issignul (otnou (li in one RTUs As discussed in sot (ion 2 4 5, 
the RTUs of a gioup ate individually addiessed by the Grp_Add which is followed by 
(lie timcwoid The (unewoid cames (he data tiansmission time and the CCN of gioup 
comm in cl (3 id bit of timcwoid is 0) In this way, each RTU of the gioup fiist xeceives the 
time of J 6/ data codeword in cl (hen tcceives the data Message tei ruination is indicated 
by the ldlewoid A typieal sequence is shown in Figuie 3 6, 


Cl I?_ Kill 
add # 1 


Itmcwotd 


Gip_uld 

tdd#2 


1 uiieword 


Message words 


Idleword 


Figure 3 G Tiansmission Pattern 2 


3 Polling Session 

The opoiatoi can poll my RTU at any time for the mfoimation of the all/selected 
devices connected to the RTU 

The tiansmission consuls of a Pol-Add and a timewoid The 2nd bit of the timewoid 
is 1, indicating the eornmind U munition Bits 3 5 cm have 8 chflucnl bit patterns Ac 
coiding to the need of a paiticulai application these nine bit patterns may have different 
significance, say the bit pattern fot noimal mfoimation is 000, for urgent mfoimation is 
001, ch tilled infoun ition is 010 etc It is not neccessaiy to use all the bit patterns and 
some might be lcsoive foi futuic use Bits 6 21 cairy the timing information A typical 
tiansmission pattern is shown in Figuie 3 7, 


1 OL_ADD 
# 1 


f tmenoid 


I 01 _ADD 
#2 


Timewoid 


POL_ADD 

#3 


Tirneword 


POL_ADD 

#4 


dTimeword 


Figuie 3 7 Tiansmission Pattern 3 
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4 Acknowledgement Session 

Acknowledgement may be tequued foi the commands transmitted to a single RTU 
01 to a gioup of RTUs Foi each case, Ack_Add followed by the timewoid is tiansmit 
(cd The ( inicw old c lines the mfounation of type of acknowledgement needed and the 
CCN m the following way bit 2 of the timewoid is 1, bit 3 is 0 if acknowledgement 
fot gioup comm md is needed xnd 1 foi individual command, bit 4 5 cairy the CCN and 
bits 6 21 cany Liming information A typical transmission pattern is shown m Figure 3 8, 


Ack_Add 
idd 1 


Timewoid 


Ack_Add 
add 2 


Timoword 


Ack_Add 
add 3 


Timeword 


Figuie3 8 Tiansmission Pattern 4 


3 3 2 Real time polling and control 

Foi ical time polling, (he RTU aie devided into smallot groups and each gioup is polled 
ptuiodtcally This penod any bo diflcient foi dilleient gioups and is assumed to be of 
the oulu of a few minutes foi each gioup The mastei station polls one group on forward 
channel, lcceivcs data on leveise channel and sends the data to a control progiammme 
It also muntains a lccoid of data leeeived from each RTU While it is leceiving data 
fr orn one gioup on lcvnsc channel, it continues to send commands ovei the otliei channel 
Since the mastei station has some estimate of data fiom each RTU, it polls the RTUs in 
such a wry (hat both of the channels are optimally utilized 

In some apjJications, it may be lcqunod to collect some detailed oi urgent information 
from each RTU aftei a ceitain interval This information is proveded to the RTUs by 
bits 3 5 of the hmeiuord The mastei station itself can send commands to the RTUs on 
detecting some minor abnormalities in the system if it is progiammed The commands 
aie tiansmitted in the same way as discussed m section 3 3 1 Otheiwise, on detecting 
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xny ibnoiinality in the system puameicts it call the opcaitor by an appiopuale alatm 
01 displ xy 


3 4 Rcvei se Communication 

E xch RTU nwnys listens to the mastei station On detecting its addiess it staits decoding 
the codewoids duoctly following the addiess codewoid It continues to decode until it 
lcceives a codewoid indicating the command teimmation, an addiess codewoid or an 
invalid woid 

If the RTU leceives its address codeword , data codewords and a command termination 
woui (tunc woid oi ldlowoid) successfully, it indicates a noimal teimmation of command 
{If (Ik umim xiids tlmnsclvcs cm indicate the end of command, as the tiinewoid does, 
the command teimmation word (ldlewoid) has no significance In this case, on detecting 
end of command the RTU will lecoid it as a normally teimmated command whether it 
lcccivcs ldlewoid oi not } 

If the RTU decodes address codeword successfully but befoie leceivmg a command 
termination word, it leceives an address codeword oi it is unable to decode a woid, it 

indicates an abnoimal teimmation of command 

The RTU sends acknowledgements foi the commands leceived Therefore, foi each 
command it ic coids the command number and whethei it was leceived correctly A 6 bit 
legistci is enough to keep this iccmd Thieo bits ate used to keep record of individual 
commands and lluee bits foi gioup commands First bit of each register (depending 
upon the type of command leceived) indicates whethe. the last command was received 
suu ( ssfully and I he . osl of the I wo bits contains the command number The RTU updates 
one icgisto foi each command motived Horn the mastei station The RTU looks at these 
legistcis whtnevoi it has to send acknowledgement to the mastei station The RTU also 
has to send system info., nation to the master station ,n icsponse to poll It .esponds m 

the following way 
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1 Response to PoLAdd 

In 1 espouse to poll command, the RTU has to send mfoimation of devices connected 
to it It calculdc the tunc of liansmission fiom the mfoimation contained in the le 
ccivcd Umeword uid also looks at the bits 3,4 and 5 of the word to checK which data is 
to be send It always staits tiansmission with the pieamble and synchronization word to 
synchronize the leeeivei at the mastei station The SW is followed by the PoLAdd and 
dat x It also sends an ldlewoid as an end of command ldcntifiei 

2 Response to Ack_Add 

Foi Ind-Add commands and Gip_Add commands, the RTU lecoids the command 
nuinbot uid st xtus of leception If it receives a command successfully, it sets the corre- 
sponding bit to 1 otherwise it insets the bit 

While losponding to Ack_Add the RTU transmits the pieamble and two codewords 
The fust codcwold is a synchronization codeword, and the second depends on the type of 
leccivcd eommxnd If an acknowledgement is needed foi the gioup command, the RTU 
cheeks the command number in the received tvmeword and the lecorded command num 
her If both the numbcis ate same and the status bit is 1, an AclcAdd is sent Otherwise, 
it sends the Gtp-Add The same pioceduie is followed if acknowledgement is needed for 
the command sent to a single RTU The only difference is that an Ind_Add is sent instead 
of i Gip-Acld 

3 Response to Ind-Add Commands 

Rich RTU hxs lo send acknowledgements foi the commands loceived with Ind-Add 
The response is similar to Ack Add commands If the RTU leceives Ind-Add, timeword 
and oommad woids sucessfully, it sends an Ack Add If it receives only the Ind_Add and 
the timewoid, d sends Ind-Add In other cases, it does not respond* 
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3 5 En or Handling 


Liu roc SAC cock loimatuscdloi oonmnnuc vtion itself pi ovules double euor collection 
c Mobility to ( idi codcwoul In ease of moic than two errors in a single codewoici the 

111(11(1 c U1 not f b(ock the codcwoids lienee wo consider only those c uses when more 
Lh in two c uois oaiii in i codewoid 

In the lonv ml dm c (ion, 1 wo tj pcs of cnoi m vy oeeui hist ail RTU doesn’t iccogrn/c 
its ulchcss, second (lie RTU is unable to decode a data codeword In fast case the RTU 
docsn t know whet hoi my command was txansmitted for it lienee it does nothing In 
sc eorul c iso, although h knows that the command could not be leceived but being a slave 
m tin n< (woilv it Ins no way to si ut m (uoi lccoveiy proeodme It only updates the 
si Uus k gislc l if it ie cciu s the Gip Add oi the Ind_Add before leceivmg an invalid woid 

On (In oUki side tin m islei si at ion is losponsiblo for ill cnor lccovencs Thcrefoie, 
h m mil uns souk si Uus legisLcis to keep rccoid of session with each R1U It needs 
k spouse horn RiUs foi ill the commands Tor each command it updates one of the 
i< gistus Bits nc cck cl loi e vh register and then significance are as follow The Grp_Add 
and Ind Adel le gistois no 2 bit legistcis One of the legisters is incremented by 1 (mod 4) 
foi each conliol command sen! to the RTU 

1 lie Pol_Add iegista and the Ack_Add lcgistei are 1 bit lcgister The bit in the 
lcgislci is scl to I when (he master station polls an RTU or sends an acknowledgement 
comm and (o an RJ U l he mastei station also stores the last transmitted individual and 
gioup commands foi e ich RTU I ho command is ictiansmittcd if it receives a NACK 
fiom the R J [J 

One moic iegista is used to count the iiumbei of rcti ansmissions of poll and Ack-Add 
commands Plus register is incremented by one for each retransmitted command (poll 
oi Ack-Add command) The master station continues to retransmit until it receives 
a positive response fiom the RPU or a maximum count of retransmissions is reached 
This maximum count might be different for different RTUs because RTUs are located 
at different place in the nctwoik and depending upon the distance call success rate is 
chffcicnl This count should be lesser for the RTUs which are nearer and should be 
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ck (cimiutd c\j>u uric n! illy Anywiy, if the maximum count is reached the operator is 
( died loi ippiopimit h (ion ollu i\ms( 1 hr i c / is ( 1 1 is sc ( to 0 


3 G Code Capacity Approximation 


In this sc c turn w< i ilcul ite the xppioxim ite capacity of the code desenbed in this chapter 
1 In billowing mil) sis issunics tint the tiansnnssion baud late hom the RTUs is 512 
bps uid no enoi occuis in the transmission chmnel All the RTUs of the network are 
snml u i c they h tve ( qual dati to tiansmit on each poll and polling intei val is also ccpial 
I oi (hr ill RlUs I he guild time is issumed to be equal to one bit duiation It is ilso 
issnnud (hit (In 1 U Us uc polled m such i wij tint the rcveisc channel is optimilly 


utilized 

Suppose (ol il munlxi of RIUs m ( lu uetwoik = n, 

Polling lntcivil loi (he RIUs = t seconds, 

D it a to b( ti msimtted fioin each RTU = \ bits, 

A simple c ilc ulation shows that N (data bits d redundant bits), total number of bits 
to be li insmilLcd fiom in R1U can be written as 


N = 128 + 


x d- 40 


29,0 


* 32 + 


' x 
20 


* 32 


(3 3) 


lit nt c, lota mtmbei of bits U msmlttcd from all the RTUs per pollmg interval arc nN 
Sunt Hit fill utl is ttpnl to one bit dm ition, the time taken by all the RTUs to tiansmit 
tliui d U i is t tin il I o (nN I n) bit dm rt.on Hence, the minimum polling interval t is, 

, __ + 1) (3 4 ) 

512 

lot Iht lived numbci of RTUs, above equation shows a trade of between the pollmg 
intei val and number oldata bits winch can be transmitted from each RTU The equa- 
tes also show that there aresinall legions in which the polling interval remains constant 
llicspcctivc to the number of bits tiansimtted from each RTUs A graph showing the 
relationship between the pollmg mtcrval and number of data bytes whrch ean be trans- 
mitted from oath RTU per polling interval is shown in Figure 3 9 
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1 iguu 3 9 Code Cip icily 

Since the eh mild is not enoi fiec is assumed above, we calculate the probabily that 
the cl ill of length N bjtcs from an RTU will be received at the master station without 
my c 11 01 I he coelcwoid stiucturc provides the data decoder with the capability to 
c one cl nplo two onors in a codeword For a bit error rate of p, the probability of two of 
lewei eiuns m i 32 lul codcwoid is, foi independent cnois, 

p^cfyei-pp-v 

t=0 

Ilcncc, piobaluhty that c codewoids will be received with two or less errors is P c 
A graph showing the lclationslnp between the probability of success i e n codewords 
(containing d data bytes) are received with two or lesser eirors and bit error rate, for 
different cl is shown m Figure 3 10 Fiom the graph, it is obvious that the probability of 
success is moic than 0 99 foi bit error late of 3 * 10~ 3 and approaches to 1 at 2 * 1(T 3 
Hence, it can be assumed, for a channel which provides better bit error rate than 2* 10~ 3 , 
that tin gi iph 3 9 shows 11 k id uni dil 1 1 h< avulablc 
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Figure 3 10 Probability of Success Vs Bit Error Rate 

3 7 Discussion 

In this duple i, lie pioposcd i couimunic ition piotocol for WNDMC As is obvious 
fiom the description the piotocol has vciy low complexity and it provides sufficient dita 
utc foi low d it ii he ipphcxtions The c ip icily is ilso found enough to meet the 
lequnemcnt of the poivei distribution system as the scheme can be used to poll about 
50 RlUs ( lppioxim Ucly 200 bytes fiom eieii RrU) eveiy 5 minutes In ideal conditions 
each RTU can send approximately 215 bytes on each poll command from the master 
station If the data fiom each RTU is limited to maximum 115 bytes, the polling mtei val 
can be reduced to about 166 seconds 
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Chapter 4 


Implementation Details 

4 1 Introduction 

The necessaiy infiastiuctuie needed foi point to multipoint communication between the 
mastei station and the RTTJs is shown in Figuie 2 1 and 2 2 The information to be trans 
mitted fiom any netwoik node passes thiough some opeiations as described in chapter 3 
and then the data is transmitted over the wireless channel The leceivei receives the 
transmission and decodes the mfoimation from the data 

Since the hardwaie needed for wireless data transmission and leception is not avail 
able, we have implemented necessaiy haidwaie, and softwaie on PC/XTs which does 
the necessaiy piocessing ovei the data to put it into the modified POCSAG format and 
transmits (receives) data over a synchionous wired channel 

The serial ports piovided with the PCs are for asynchronous communication i e data 
is tiansmitted on character by charactei basis, each chaiacter with some stait and stop 
bits The tiansmission in the modified POCSAG format is also asynchronous Howevei, 
it requires that each block of data, which may contains several codewords each codeword 
of four bytes, should be transmitted synchronously Keeping in view this requirement of 
the designed netwok, a senal mteiface card has been designed and implemented The 
details of this mteiface caid aie discussed in the following section 
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4 2 Hardware Implementation 

4 2 1 Serial Synchionous Interface 

To design the intei face cud we consideied 1 hat it should be able to support full duplex 
synchionous communication as two independent channels aie available foi forward and 
level se communication The maximum data rate supported by POGSAG is 2 4 Kbps 
lienee, flexibility should piovided to choose different data rates m the requited inngc 
At the same time, multiple addresses for the ICs m use should be provided to avoid any 
possible adchess conflict Foi high data rate applications, polling or flexibility to use 
cli Trent inteiiupts for data reception and transmission should piovided Since the c ud 
is to be implemented, ill the ICs m the design should be available 

Tot synchionous opci ition, popular and widely used IC 8251 A, the Programmable 
Commumcalwv Inin face , Ins been selected It can piovide full duplex synchionous 
communication upto 64 Kbps To control transmission late of 8251 A, it is neccessary to 
contiol the clock late pionded to it This clock can be provided eithei by m external 
clock generator oi PC clock can be divided by an appropnate circuitiy In the cucuil, 
IC 8253 5, the Progiammable Interval Timer, is being used to divide the PC clock to 
gcnciate clock foi the 8251 A 

Since (he 8253 5 c m handle maximun 2 6 MIR frequency, it is necessaiy to divide 
PC clock befoic connecting it to 8253 5 IC 74LS93, Binary Ripple Counter , Ins been 
selected (0 divide PC clock To piovide multiple aclch esses to 8251A and 8253 5, we have 
selected IC 74LS151 This is a 8 input muliplexei Foi data tiansmission and reception, 
MC 3487 and MC 3486 aie bung used in the ciicuit [Tcx87] These ICs suppoit CIA 
defined RS 422 standaid 

4 2 2 Circuit description 

Figuie 4 1 shows the adchess decodci circuitiy of the synchionous interface caid The 
8 input multiplexer is being used to piovide font chfrcicnt addiesses to 8253 5 md 8251A 
The adchess lines aie input (0 the multiplexei and output of the multiplexei is controlled 
by DIP switches Hence, the stale of DIP switches decides the address assigned to the 
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8253 5 xnd 8251A Addtc&s line A l0 decides whethei 8253 5 is addiessed (A\q = 
8251 A (4 io = 0) 


+5V Vcc 



Figuie 4 1 Addiess Decodei Circuit 
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Figuic 4 2 shows (he cucuit diigtam of communication interface The chip select 
siginls (CS1 uul GS2) au gum did in the count shown in Figuie 4 1 The data bus 
and I/O lead and wnte signals of the PC aie connected to 8253 5 and 8251 A As shown 
in the figuie, the PC clock is piowded to binary ripple counter This countei can be 
used to divide input clock by a factor of 2, 4, 8 oi 16 In the circuitry, it is being used in 
divide by 4 mode The output of the counter is connected to 8253 5 clock input 

The two clock outputs of timer (OUT1 and OUT2) generate clocks for 8251A The 
OUT2 conti ols the tiansmission late of 8251A and OUT1 piovides clock to 8251A foi its 
intern d opcmtions The clock iale of these clocks can be contiolled by softwaie This 
piouchs (lu list i with llu cipibihh to soled my dt sue cl late foi tiansmission 

1 lu 1 \HDY and HvRDY outputs of 8251 A m lx mg usi d to mb i nipt the nywlun 
foi dll a icccption and tiansmission These outputs aie fed to AND gates and tri state 
buflus to gcnei itc niton upt 3 oi inteiiupt 4 Any combination of these interiupts can 
be used foi data leception and tiansmission A DIP switch is provided to select an IRQ 
foi data tiansmission and leception 

Finally, the RS 422 standaid is being used foi datatiansfer Hence, serial input/output 
data pins and leceivei/tiansmittei clocks of 8251A aie connected to receiver (MC 3486) 
and dnvei (MC 3487) ICs A 9 pin connector is piovided to interface this card with any 
olhei device which suppoits the RS 422 standaid 

4 2 3 Functioning 

The functioning of the cncuit is descnbed as follows Initially, all the DIP switches aie 
set in the desired slate These switches decide the addresses of 8251A and 8253 5, and 
the interrupts used foi transmission and leception Then, the complete functions of the 
c ud aie piogiammcd by the system’s softwaie The two ICs, 8251A and 8253-5, must be 
initialized by the softwaie m oidei to use the card as a tiansmittei/ieceivei The 8253 5 
is initialized pnoi to 8251A because it generates clock foi 8251A 

Since we aie intei ested in synchronous mode, we restuct the following description to 
synchronous mode only The 8251 A sends/ieceives data to/fiom the CPU on chaiactei 
by chaiactei basis It can bo used to tiansmit/ieccive data on inteiiupt basis on on poll 
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Figure 4 2 Communication Interface 
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b isis In the poll mode the CPU must check fiom time to time the status of status 
M I ls! < ' I lit 1 ,r > 1 A lu i ( ( ( m modi | In si ul us it y mil t ptovuli s mu hi I In iikIk at ( H 
whclhci thcic is dita m the leceivei buffei Upon detecting data m leceivei buffer, the 
CPU must lun i lead cycle to lead the d ita Fiom the buffer If not read by the CPU 
(lie d ita will be lost upon reception of nnothei chnacter 

Similaily, the 8251A provides one bit to indicate that the transmitter is ready to 
accept a chniactci from the CPU The transmission starts with the first character received 
at the data port of the 8251A from the CPU First one or two tiansmitted characters arc 
xlwiys sync char actors Then it transmits the data charactei After sending the fiist 
ch u ictci (o the 8251A the CPU must continue to piovide characters to 8251A at the 
clt sue cl i i(c otherwise the 8251A will mseil some sync characters in the transmission 
In the mtenupt mode the only difference is that the outputs of TxRDY and RxRDY 
pms me used (o intci mpt the CPU foi transmission and reception Whenever an interrupt 
conies i e RxRDY oi TxRDY goes high, the CPU starts to serve a predefined interrupt 
service routine This seivicc routine, depending upon the inteirupt number, sends oi 
receives one char ictci to/fiom the 8251A 

4 3 Software Implementation 

The softwaie is implemented on two PCs connected to each other with the synchronous 
mtoificc desenbed in the picvious section The setup is shown ra Figure 4 3 One of the 
two PCs is assumed as the master and softwaie on it piovides the user or the opeiator 
with the capability to control the transmitter and receiver of this PC as well as of the 
othci This PC will be referred to as PCmam The software on the other PC provides no 
control and once executed it is controlled by the PCmam This PC will be referred to as 
PCslave The complete softwaie foi the PCmam and PCslave is written in C language 
m TURBO C envnonment The included files aie dos h, conio h and stdio h 
The main functions pei formed by the software are as follows 

— Initializes the 8251A and 8253 5 

- Encodcs/dc codes the information iccordmg to (31,21) BCH codes, 
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Tx Ch innel 



full duplex Lomniunic tlion 


TituK 13 Testbed Aichitcctmo 

— Ti insnuts/iec Gives cl it i m the modified POGSAG format 
- Pioudcs contiol to opciatoi 

The softwaie uses ISR ( Interrupt Service Routine ) and TSR ( Terminate but stay 
resident) piogrnms [Steve] An ISR is a piogram which responds to an interrupt geneiated 
by a haidware device or a program The ISR preserves the conditions of the computer 
when it interrupts the computer and returns the previous conditions when done The 
ISR piogrnmmmg consists of installing the mteirupt vector, which points to the interrupt 
service routine , into the mtenupt vector table, handling the interrupt with interrupt 
s evi(< loulmc, and nmoiing t I k mlcnupl udoi 

A ISR is a pioginm which reserves a block of memory for itself Like an ISR, 
TSR pioginm is also activated by softwaie 01 hardware interrupt The TSR program is 
executed is if it is a 11011ml tiausicnt program and terminates by using a TSR function 
When the program terminates it instructs DOS how much memory to reserve The 
advantage of using ISR and TSR programs is that they allow the user to do other tasks 
on PC while they take neccessary action when an interrupt is generated 
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4 3 1 PCmain 


I lie software foi PGm un is divided into two piograms, a control program and a receiver 
program The control program provides the operator with complete control over the 
PCslave and the tiansmission channels It accepts commands from the operator and 
establishes sessions with the PCslave It also controls the baud rate of the transmis 
sion The leceiver program leceives data from the PCslave and displays it for the use of 
opeiatoi A detailed description of the functions of both programs is as follows 

The control piogiam consists of three modules, a mam, an encoder and a format 
llie mam initialises the 8251 A md 8253 5 accepts commands from the operator and 
(i ansnnts data ovei the channel The encoder takes address of PCslave and data to be 
transmitted fiom the mam and encodes it according to (31 21) BCH codes The format 
l ikes encoded data fiom the encoder and puts the data in a buffer m the format defind 
m section 3 3 1 The foi mat also takes care of the preamble and maintains the frame 
strveture 

The contiol progiam initializes the 8253 5 to generate clocks for 8251A which con 
tiols the data transmission rate from the PCmain The operator can control the data 
ti uisimssion rate by changing the clock i xtc of 8253 5 Then it initializes the 8251A for 
synchronous mode, 8 bit character, no parity and two sync characters This provides 
synchronous transmission of data without a single bit insertion m the data The 8251A 
doesn’t start tiansmission until it gets a command instruction word at command port 
to set the transmittei on and a character at the data port Now the system is ready to 
accept opeiator’s command 

The piogiam lcqunes the mfoiination of the type of session to be established, ad 
chess(s) of ieceiver(s) and command words (if necessaiy) from the operator The types of 
session, which can be established by the operator, have been described in section 3 3 1 
Foi polling and acknowledgement sessions, it needs only the addiesses of the receivers 
For othei two sessions it asks for the data (command words in ascii characters) to be 
sent Before transmitting the data it does the following operations 

The program takes the address of the receiver, encodes it according to (31,21) BCH 
codes, makes a 32 bit address word according to the format described m section 3 2 2 and 
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puts it into a transmit buffei Then it takes data (max 20 bits at a time and pads 0 s 
if not cess an ) encode tin dat i accouhng to (31 21) BCII codes, makes a 32 bit message 
woid and pushes it into the tiansmit buffer It also pushes a timeword, before message 
wouls m the butler if requned 

Once all the data has been arranged in the buffer, it captures intterrupt 3 for data 
ti msimssion md sends i command instruction word to 8251A to set its transmitter on 
On each mtenupt generated by 8251A an interrupt service routine (ISR) is activated 
The procedure picks a character fiom the transmit buffer and sends it at the data port 
of 8251A After sending all the dita from transmit buffer, the piogram stops the trans 
mission uid releases the mtenupt 3 

The lcccncr pioginm is a TSR It consists of two modules, a mam and a decode The 
mam checks the status of 8251 A If it finds the 8251 A m reset mode, it lnimalizes the 
8251A I oi uuivc mode, othennse it sends only the command instruction word to 8251A 
to set its receivei on It also captures the interrupt 4 of PC to receive data from the 
PCsl m 

Whenever the PCslnce sends data inteirupt I is generated This activates an inter 
nipt service routine (ISR) which reads a charactci from the data poit of 8251A and puts 
this chninctci into a leceiver buffer On detecting end of transmission, the ISR activates 
the TSR The ISR which is actually the decode picks lour characters fiom the buffei 
to pcifoim icveisc opemtion of the transmitter and encoder It recognizes the address of 
the PCsl ive and decodes the data to display it foi the operator 


4 3 2 PCslave 

The PCslave software is a TSR and once executed the operatoi has no control over it 
The piogiam consists of four modules, a mam, a sdecoder, a sformat and a sencoder 
When the piogiam is executed it initializes the 8253 5 and 8251A, captures mtenupt 
3 for receiving data from the PCmam and after that it terminates The 8251A receives 
data from the PCmam and generates interrupt 3 An interrupt service routine reads data 
fiom the data poit of 8251A and puts it m a receiver buffer After receiving all the data, 
decoding is done The program staffs scaicli for the defined addiess and if any address 


43 



is detected m the data it takes action accordingly This has already been described m 
(Inplii 1 1 he piognm llso displine s (lu chin (command vvoteh) icmvcd Willi 

Ind Add and Gip_Add In i espouse to poll it sends the contents of a "data" hie flic 
snicoder rnd the sformat put the data in a tiansmit buffer in the message word format 
Thou the sencoder captuics mtenupt 4 for drti transmission and sends a command 
nmtructwn word to the 8251 A to set its transmitter on Now the data is transmitted 
by an mteirupt subroutine After sending all the data transmission is stoped and the 
mtenupt 4 is leleased 

4 4 Discussion 

In this clnplci we picscnted the details of lindwue and software implementation Tlu 
setup wvs tested loi dilficnt inputs luel it wrs found satisfictory for bit nte of moic 
than 4 2Kbps 

The liardw aie was fiist tested using the debug utility of DOS and then it was used in 
the setup It was found functioning satisfactorily upto the desired data rate of 4 2 Kbps 
The software was first tested on UNIX machine for BCH decoding and encoding functions 
Than diffeient modules of the programs were tested After that we used this software to 
provide two way synchronous communication between the two PCs As discussed in the 
chapter, it provided some of those facilities on the PC which are expected to be a part of 
the m ister st ilion We also expect that the setup can be used for wireless communication 
between the two PCs piouded the appiopnate modems and receiver/ Liansmittei units 
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Chapter 5 


Conclusion and Suggestions for 
Future Work 

5 1 Conclusion 

In the thesis, wc pioposed a low cost, low data i ate wireless network and a communication 
scheme foi distubuted data acquisition and, monitoring and control of geographically 
dispeised objects We also implemented necessaiy haidware and software foi modified 
POCSAG communication scheme 

Fust, wi nssunud (lit design spiufn rt ions of ( he rutwoilc horn available coimnum 
cation capacity and typical scenano of power distnbution automation We looked upon 
vinous wnoloss techniques wlncli may suit the lequnements of WNDMC Considenng 
the aichitectuie and data late lequnements of the system, available fiequency band, cost 
of netwoik and some other factois, we proposed a network based on forward radiopaging 
(POCSAG) and letuin walloe talkie radio data link Since, the POCSAG standaid pro 
vides foi one way communication, we modified it to meet the lequnements of a two way 
communication network We suggested that in the network, the master station and the 
RTUs should have a mastei slave relationship We modified the roll call polling for bettei 
channel utilization and suggested a gioup call scheme to collect system infoimation at the 
mastei station The ladiopngmg itself ptovides enoi defection and enor correction ca 
pibillty (o (lu uiiivti TIowivu, only cuoi dilution and collection is not sufficient foi 
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tho coutiol applic itions Oxer the existing ladiopaging we suggested an eiror handling 
plot (dun which (iisuus uluble d it i ddivciy it the RITJs 

Then w e proposed a communication protocol based on these techniques The protocol 
exploits the c rpabilitics of existing radiopagmg communication and provides for full 
duplex leliable communication between the master station and the RTUs Under some 
leisonable assumptions we calculated the maximum capacity of the designed network 
ind communication piotocol 

1 lorn the thesis wc conclude that the suggested netwoik can be implemented with 
low cost (oi 1110111(01 lug uul coni 10 I of gcogi iplnc illy dispc iscd equipments The gnpli, 
shown 111 Fignu 3 10 showos the 1 ol itionslnp between t ho tot il number of bytes th it 
e m be collected fiom c uli RlUs uul polling mtcival foi 10, 30 and 50 RTUs under 
the green assumptions It is obvious from the graph that the network provides sufficient 
eliti 1 ite on 1 c x cisc chinned to poll 115 bytLS from 50 RTUs at a polling mtcival of 
166 seconds Since m power distribution system the expected data rate requirements 
from eicli unmanned ti msformei (RTU) to master station is approximately 100 bytes 
per 5 minutes and the number of RTUs under a 33/11 KV substation are approximately 
50 [KiRc] wc expect tint the network can successfully be implemented to meet the 
icquncmcnt of powci distribution system 


5 2 Future Work 

The aie 1 of a distnbuted momtoung md coutiol network is very vast Wc addressed only 
1 small area viz a low cost wireless network for monitoring and control of distributed 
objects Inspitc of oui effoits, we feel tint further work is lequired m the following 
directions 

The scheme was implemented over a wired channel for the PCs We suggest that the 
same approach can be followed to implement it over a wireless network Actually, the 
same setup can be used foi this purpose with appropriate transmitter/receivei units and 
modems 

The softwne md huehvuc provided synehionous communication over the channel 
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However so Ran uc is also needed for control applications Depending upon the reepme 
nuutsol in ipplu ition soft \\ uc cm be de\elopecl The development of in isle i sftlion 
sollw uc ic quins s) stem behavior knowledge and knowledge of the communi ition pioto 
col mel its lie \ibilt^ mdcipibihty 

We disseusseel only a few things ibout the RTUs but the development ol an appiopn 
itc R Til for i p u tieul u ipphe ition lecpiue a lot of hardw ue incl software know ledge To 
get the maximum benefit of the described scheme appiopnate RTUs must be developed 
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Appendix A 


A 1 Radiopagmg Code Standard 

A L 1 Coch and found 

V ti msmission consists of prc unblc followed by b itches of complete codewords, cich 
bitch beginning with i si nchroni/dtion codeword (SC) Tiansmission ceases when there 
uc no fmthei c ills The form it of tiansmission is shown in the figuie A 1 


Pic imble (576 bits) First Batch (17 codewords) 



S sync woid 

1 one li ime (2 code woids) 
SB second bitch 


Tig uie A 1 Signils Toimat 

Each ti msmission staits with a pieamble to aid the receivers to attain bit synchro- 
m/ition The pie unblc is a pittcm of leveisals 101010 repeated for a period of 
atleast 576 bits i e the duiation of a batch plus a code word 

The preamble gives the receivers designed opportunity to save battery power The 
lccuvei c in be fumed on foi a few milliseconds and then turned off for about 1 second 
if no pic unblc is detected When detected, pieunble provides fast bit synchionuation 
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A 1 2 Batch Stiucture 


C ode winds uc stun (uh d into b ilclie s wine h c omp uisc i synchiom/ it ion codcwoid lol 
lo^od by S fi lines eich contnnmg 2 code avoids The frames are numbered from 0 to 7 
md lcceiaus population is deaided into 8 groups Thus each leceiveis is allocated to one 
of the 8 li unc s refolding to 3 least significant bits of its 21 bit identity i e 000 = frame 
0 ,111 = friine 7 md only e\ lmnies address codeword m that frame Therefore each 

leceiveis iddicss must be tiansrmttcd only in the allocated frame 

Tins fi line structiue a\ ltlnn a batch not only multiplies the address possibilities of each 
code woid by 8 but ilso olkis yet mother mems of bitteiy saving within the receivexs, 
since the ucuvn need only be tinned on dining the SC and its particulai frame 

Mcssigc code winds lor my rcuiaei iniy be transmitted m any frame but follow, di 
uctly llu issocntccl codewoid A message may consist of any nunibci of codcwoids 
transmitted consecutively md may embrace moie than one batches but the SG must not 
be displaced by message codewoeds le normal batch structure is always maintained 
Message (animation is indicated by ne\t address codeword or idle codeword There is 
alleast one address or idle codeword betaveen the end of one message and the address 
codeavoid belonging to tlu next nussigc 


A 1 3 Types of Codeword 

Codewords contains 32 bits which uc tiansimtted with the most significant bit first 
Genual structuie ol a codeavord is illustrated in fig Diffeient types of codeavoids are 
given beloav 

1 Synchronization Codeword 

This codeavoid lias a eiy low con elation w ith the pieamble Its first 31 bits are pseudo 
l anclom sequence avhicli ean be goncintccl hom a 5 stage feedback shift register This is 
a valid code aacnd with tlu sliucluic giacn below 

oiiiiiooi io looioooo loiomonooo 


to 



2 Address codewords 

I lu uldicss code woid ilways his its first bit (flag bit) zeio This distinguishes it 
hom messige codeword Bits 2 19 aie iddiess bits corresponding to 18 most significant 
bi(s of i 21 bit identit) assigned to the receneis Bits 20 21 aie two function bits which 
nc used to select the reqiuied iddress from the four assigned to the receivers Bit 22 31 
in p mt} chc eh bits md the finil bit is chosen to give even puity 

3 Mess ige Codewords 

V messige codewoid ilwws stuts with i 1 ( t lie flig bit) inel the whole mess igc 
\lw p s lollows due 1 1 1\ \llti (lu ulditss (ode woul ilu fiannng lilies of the code founat 
do not ipply to the messige and messige codeword continue until terminated by the 
ti insmission of i new iddicss woid or m idle codewoid Each message displaces atleast 
one adclicss codeword oi an idle codeword and the displaced address codewords aie 
del pod md tmnsmittod m the next nailable appiopnate frame 

Mess igc eoelewoids h ive 20 mess ige bits \i/ bit 2 21 inclusive and these aie followed 
In (lie pmh (hull bits 

4 Idle Codewoid 

In (lie ibscncc ol m leldiess codewoid oi messige codewoid an idle code woid is 
ti msmitlcd The idle codewoid is i vilid codewoid, which must not be alloeiicd to any 
lcccncis md Ins the following stiuctuie 
01111010100010011100000110010111 

A 1 4 Codeword Generation 

Eicli codewoid has 21 information bits, which correspond to the coefficients of a poly 
nomnl lnvmg turns fiom a 30 down to r 10 Gcneratoi polynomial used to generate the 
codcwoids is g(r) = i 10 + 1 9 + t 8 + r e + r 5 + x 3 + 1 The message polynomial is devided 
by the gcnci itoi polynomial to give cheek bits corresponding to the coefficient of the 
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t ( i ms horn / 1 to t° I he complete blocl consisting of the mfoiiii ition bits followed In 
llu < In ( 1 In Is mill spond In I In c m II u k nl ol l |>ol\ neiini il wine li is Mile j l lllv ele visibli 
m moclulo 2 fislnon In the genei itoi pohnonu il 

To 31 bits of the block is uklod one idditioml bit to piOMcle m even bit pint) ebcel 
ol the whole eeulewoiel 1 bus the II iiminng elist me c ol the code is G This m ike s e il ible 
to detect im free bit enois oi im onoeuoi lnust ol length not exceeding 11 bits oi to 
collect im 2 enois oi inj cnoi buist not exceeding 1 bits 


A 2 PCB layout 

J he pi u c me tit ol ICs on the PCB is shown m I iguie A 2 



Iiguic V 2 PGB hi out 


As discussed in chapter 4, the ICs 8251 A and 8253-5 have fom addresses Any of the 

address cm be selected with the DIP switches pi circled If moie than one switches are 

on the 1C will be retreated at moie thin one idcbessos So, cue must be taken to switch 

CENTRAL LrSRARY 
n, * 1 I KANPUif 















on onh ono s\\ itch 

I lu uldussis i\ ul il>l< imllu S2>IV mil S2 > 5 > in slum n in I hi following I il>l( 


Acidic ssos fm 825 3 5 


C onini nul Pent 

Countc i 2 

c mint ( l 1 

c ounlc r 0 

71I3II 

71 'VII 

71011 

7181 1 

71 PI I 

71LU 

71DII 

71 CH 

79BH 

79 All 

799II 

798H 

79rH 

79LII 

79DII 

79CII 


Iddicssps lot 8251 A 


D xl i Pm t 

G onini nul Pot t 

51811 

51/VI 1 

J1CII 

3i m 

39811 

39 All 

39 GH 

39EII 
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